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1. summary 
The objective of the investigation is t o  increase the usefulness 
and effectiveness i n  applying dimensional analysis t o  modeling and 
scaling Gocedures used by aerospace and electronics engineers. 
The principal purpose of dimensional analysis from the engineering 
point of view is the arrangement of the variables of a physical re la t ion 
so that ,  without destroying the generality of the relationship, it may 
be more easi ly  determined experimentally, 
valuable when the number of variables i s  very large. 
and extent of an experiment m y  be great3y simplified by t h i s  approach. 
The method is particularly 
Thus, the complexity 
I n  order t o  avoid undesired duplication of e f fo r t  and t o  serve as an 
a id  t o  others who may engage i n  similar research and t o  help those interested 
i n  or working i n  the f i e ld  t o  become aware of what has been published, two 
complete bibliographies on the tnewy and applications of dimensional 
analysis were assembled during the l i te ra ture  search phase of the project L 2  , 
Par t  of the bibliography w i l l  be published i n  the JG€J!?MAL OF THE FRANKLIN 
 INSTITUTE^, 
Present techniques of dimensional analysis provide procedures of 
judicious grouping of variables associated with a physical phenomenon 
t o  form dimensionless products of variables, A FCRTRAN program has 
recently been developed by MSA for  the computation of &numbers, dimension- 
4 less products of variables, from the l a w s  of physics Since the s e t  of 
€+-numbers i n  general is not unique, additional constraints can be imposed 
upon. 
of the system. 
Such a set of constraints may be termed as optimization c r i t e r i a  
Some of these constraints such as t o  maxFmize the number 
of zeros and t o  minimize the sum of the absolute values of a l l  the elements 
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5 have been proposed by Happ . 
associated with a physical phenomenon are i n  their "simplest" form. Other- 
wise, they are completely arbitrary,  The problem was  only par t ia l ly  solved 
by Happ by means of an exhaustive procedure: Using the columns of a 
complete B-matrix as a basis, a large number of B-matrices are  generated. 
They are  then compared with one another t o  obtain an 
Thus, it i s  not known i f  the ltoptimizedfl B-matrix is rea l ly  optimal: 
of th i s ,  the existing computer program developed by NASA can only evaluate 
problems with up t o  15 variables and 10 dimensions . 
These criteria are chosen so that the formulas 
one. 
Because 
6 
During the past year our study of dimensional analysis has convinced 
us tha t  a complete set  of Enumbers (pi-numbers) i tself  contains enough 
information as t o  which l inear  combinations should be formed t o  obtain the 
optimized ones. Based on t h i s  property, an e f f ic ien t  algorithm has been 
developed which generates a complete optimized s e t  of B-numbers from any 
complete set  of B-numbers. 
w i l l  be published i n  a Special Issue of the  JOURNAL OF THE FRANKLIN INSTITUTE 
ent i t led,  llDimensional Analysis, Similarity and Similitude, and Structural  
Modeling,tt scheduled t o  appear i n  the f a l l  . 
used t o  generate a l l  the  complete optimized sets of B-numbers, and it is  
non-exhaustive and e f f i c i en t  and i s  readily adaptable f o r  a d i g i t a l  computer. 
The de ta i l s  of the technical just i f icat ions 
7 The algorithm may a l so  be 
It has a l so  been t h a t  the set  of dimensionless products of 
the variables associated with a physical phenomenon is invariant with 
respect t o  the choice of the reference dimensions. Thus, i n  computing a 
complete set of)dimensionless products we may use any appropriate s e t  of 
dimensions as  rendered feasible by the  problem a t  hands as the reference 
dimensions. Once an appropriate set  of reference dimensions has been chosen, 
* Two counterexamples have been found. 
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- -  
the dimensional matrix associated with a physical phenomenon can easi* be 
set  up. 
t o  computing a complete B-matrix from the dimensional matrix. 
The generation of a complete set of dimensionless products amounts 
For this 
purpose, a simple and systematic procedures has been included 7.8 
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